By using random PCR amplification, shotgun sequencing and sequence similarity searches, we analysed nucleic acids present in cell cultures inoculated with samples from unexplained cases of encephalitis. We identified a divergent human papillomavirus (HPV) sequence originating from a rectal swab. The full genome was amplified by inverse PCR and sequenced. The prototype of the sixth gammapapillomavirus species, HPV116, was not found in the patient's cerebrospinal fluid or respiratory secretions, nor in culture supernatants from other unexplained cases of encephalitis, indicating that its identification in an encephalitis patient was accidental.
Papillomaviruses (PVs) are small, non-enveloped, circular double-strand DNA (dsDNA) viruses with a genome size of 6. 8-8.4 kb (de Villiers et al., 2005) . The family Papillomaviridae comprises a large and heterogeneous group of epitheliotropic viruses, which are either present as presumed commensal viruses of the skin and mucosa or able to induce benign and malignant epithelial proliferations (Antonsson et al., 2000 (Antonsson et al., , 2003 Doorbar, 2005) . PVs infect a wide variety of vertebrate species, including many mammalian species such as humans (HPVs), cow (bovine PVs) (Borzacchiello & Roperto, 2008) , deer (DPV) (Groff & Lancaster, 1985) , dog (canine oral PV) (Delius et al., 1994) , horse (Equus caballus PV) (Ghim et al., 2004) , hedgehog (European hedgehog PV) (Schulz et al., 2009) , as well as bird and reptile species including parrot (Psittacus erithacus timneh PV) (Tachezy et al., 2002) and sea turtle (Chelonia mydas PV-1) (Herbst et al., 2009) . PV infections are typically highly host species-specific, but some PV types have been reported in different mammalian species (Chambers et al., 2003; Martens et al., 2001) .
So far, more than 100 HPVs and about 30 non-human PVs have been characterized fully and more than 150 have been partially sequenced; they have been classified phylogenetically into 16 genera and 44 species based on nucleotide sequence similarity (Chan et al., 1995; de Villiers et al., 2004; de Villiers & Gunst, 2009; Forslund, 2007) . Members of only five genera have been identified in humans. For a PV to be recognized as a novel type, the sequence of the L1 gene should have ,90 % similarity to any known HPV type, whilst a novel species should have ,70 % similarity and a novel genus ,60 % similarity (de Villiers et al., 2004; de Villiers & Gunst, 2009 ). The current members of the genus Gammapapillomavirus are all from humans and include five species, most of which cause benign skin lesions (Egawa et al., 1993; Favre et al., 1989; Matsukura et al., 1992; Muller et al., 1989) . It was reported that two c-PV types, HPV48 and HPV88, were isolated from the squamous cell carcinoma of immunosuppressed patients (Kullander et al., 2008; Muller et al., 1989) .
Using sequence-independent PCR (random PCR) amplification, shotgun sequencing and sequence similarity searches (Victoria et al., 2009) , we analysed the virus sequences present in the supernatants of 159 cell cultures inoculated with various clinical materials from cases of unexplained encephalitis. These cell cultures were performed to amplify known or novel viral agents associated with encephalitis. Human fetal diploid lung (HFDL) and rhesus monkey (RMK) cells were inoculated separately with the nasopharyngeal wash/throat swab, stool/rectal swab or cerebrospinal fluid (CSF) of encephalitis patients. Stools and rectal swabs were initially tested to determine whether enterovirus infections were present. No cytopathic effect was observed after 14 days in culture. Following shotgun sequencing of the supernatants, a divergent HPV sequence was identified in a 14 day culture supernatant inoculated with a rectal swab from a human immunodeficiency virus antibody-negative 38-year-old Asian male patient with encephalitis, whose CSF and respiratory swab were negative by PCR for known encephalitis-causing pathogens, including herpes simplex virus 1/2, varicellazoster virus, human herpesvirus 6, enterovirus, influenza A/B virus, adenovirus, human metapneumovirus, human respiratory syncytial virus and mycoplasma (Glaser, et al., 2006) . This study was approved by the Institute Review Board of the State of California and the University of California San Francisco Committee on Human Research.
The original 408 bp HPV sequence was obtained from the culture supernatant by a previously described method (Victoria et al., 2008) . In brief, the supernatants were filtered through a 0.45 mm pore-size sterile filter (Millipore Ultrafree-MC HV). The filtrates were ultracentrifuged and the resulting pellets were resuspended. DNase and RNase were added to remove non-virus-particle-protected nucleic acid. Particle-protected nucleic acids were then extracted by using a QIAamp Viral RNA Mini kit (Qiagen). The resulting viral nucleic acid samples were converted to cDNA by reverse transcription and then amplified randomly. The DNA products of approximately 400-1500 bp were collected and cloned. Forty-eight white colonies were picked and sequenced for each sample. The remaining part of the circular DNA genome was generated by inverse nested PCR. The primers were HPV-F1 (59-TAGATGGCTACTTGGACCCCT), HPV-R1 (59-ATTGC-TGCTTATGTCTGTGGG), HPV-F2 (59-CTAAACCTGT-GGCGACTGTTC) and HPV-R2 (59-ACACCCTAACA-CCAATACCCG). A PCR product of approximately 7 kb was generated by overlapping both ends of the original fragment, and then sequenced by primer walking. The nucleotide sequence of the complete genome was covered twice and the sequence was deposited in GenBank under accession number FJ804072. Putative open reading frames (ORFs) were predicted by Vector NTI Advance 10.3 (Invitrogen), taking into consideration the organization of other PV type genomes. The complete genome sequence and DNA plasmid subclones covering the whole genome were submitted to the International Reference Centre for Papillomaviruses at the German Cancer Research Centre, Heidelberg, Germany, and designated HPV116.
The nucleotide sequence of HPV116 was 7184 bp in length, with a G+C content of 38.5 mol%. HPV116 was related closely to c-PVs, with L1 gene nucleotide similarity ranging from 58.5 to 62.0 %, and the E1 gene shared 59.9-65.7 % nucleotide similarity with known c-PV types (Table 1) . Phylogenetic analysis of the sequence data indicated that the virus, HPV116, was a c-PV. According to the criteria for PV classification, HPV116 therefore qualified as a novel species, with ,70 % similarity of the L1 gene to any previously reported PV type.
The genome of HPV116 has seven ORFs, potentially encoding the genes E6, E7, E1, E2, E4, L2 and L1 (Fig. 1) . None of the small ORFs (,100 aa) or the ORFs with opposite orientation in the genome showed any similarity to known E5 genes (Leechanachai et al., 1992) . The putative E6 and E7 ORFs contained respectively two and one conserved zinc-binding domains, Cys-Xaa 2 -Cys-Xaa 29-30 -Cys-Xaa 2 -Cys, spaced 36 resides apart (Ullman et al., 1996) . The conserved ATP-binding site of the ATPdependent helicase (GPPDTGKS) was also found in the E1 ORF. The putative E4 ORF located within the E2 ORF was the smallest (128 aa) among all known c-PV types. A noncoding region, the upstream regulatory region (URR), was located between the L1 and E6 ORFs and was 441 bp long. No non-coding region existed between the E2 and L2 ORFs. The URR contained seven typical E2-binding sites (ACCN 6 GGT), a TATA box (TATAA) and multiple previously reported transcription factor-binding sites for AP-1, GATA and USF, which might be involved in the regulation of virus transcription and replication (Chen et al., 2007a, b) . Table 1 . Nucleotide sequence pairwise comparison of HPV116 ORFs and URR with types representing c-HPV species Sequences for the c-HPV types HPV4 (X70827), HPV65 (X70829), HPV95 (AJ620210), HPV48 (U31789), HPV50 (U31790), HPV60 (U31792) and HPV88 (EF467176) were obtained from GenBank.
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Pairwise similarity with HPV116 (%) Phylogenetic analysis with complete L1 nucleotide sequences of representative PV types confirmed the existence of the genera and species defined by previous studies and demonstrated that HPV116 was related most closely to c-PV types HPV95, HPV65 and HPV88 (Fig. 2 ) (de Villiers et al., 2004; de Villiers & Gunst, 2009 ). The phylogenetic tree constructed from the E1 region showed a similar relationship (data not shown). The identity of L1 nucleotide sequences between HPV116 and c-PV types was ,62.0 %, which is lower than some c-PV interspecies identities, such as 70.2 % between HPV48 (c 2 ) and HPV50 (c 3 ) and 65.5 % between HPV60 (c 4 ) and HPV88 (c 5 ) (data not shown).
As HPV116 was detected in the 14 day cell-culture supernatants (passage 1) of primary HFDL and RMK cells, we investigated its potential replication in vitro by using real-time PCR. For the establishment of standard curves, serial dilutions of a plasmid containing 500 bp of the E1 region of HPV116 ranging from 10 6 copies to 10 copies per reaction were employed in SYBR Green real-time PCR (Applied Biosystems). The viral loads in the original rectalswab specimen used to inoculate the cells and the supernatants of passage 1 and of three subsequent serial passages in HFDL and RMK cells were measured. The rectal-swab suspension had the highest HPV116 DNA copy number of 10 4 ml 21 ; the viral copy number decreased by approximately one order of magnitude at each in vitro passage, becoming undetectable at passage 4 in both cell lines. Considering the 10-fold dilutions of the original swab suspension for the first cell-culture inoculations and upon each successive passage, it appeared that no virus replication took place in vitro, although HPV116 DNA was still detected after 6 weeks in culture, reflecting the robustness of the small, circular dsDNA PV genomes.
All known PV types require terminally differentiated squamous epithelium cells of skin or mucosa for replication and virion production, making it difficult to use a reproducible tissue-culture system to study the virus life cycle. Researchers have launched intensive efforts to search for an effective culture system for PV, but have had only limited success using organotypic raft cultures of keratinocytes, oral cavity epithelial cells, the athymic mouse xenograft system or related systems for human cutaneous or mucosal membranes (Aaltonen et al., 1998; Bryan et al., 2000; Chen et al., 2003; Taichman et al., 1984) . Our results showing the lack of replication in HFDL and RMK cells are consistent with these previous studies.
To determine the prevalence of HPV116, 161 additional 14 day cell-culture supernatants inoculated with nasopharyngeal/throat swab, rectal/stool swab or CSF samples from 100 cases of unexplained encephalitis were screened by HPV116-specific PCR. The CSF and respiratory fluids collected from the index patient were also tested. No further PCR-positive sample was detected, indicating that the occurrence of this virus in encephalitis patients is not a common event and that the virus was not present in the CSF or respiratory secretions of the rectally infected patient. The detection of HPV116 in an encephalitis patient therefore appears to be a fortuitous occurrence and may not be related to his clinical condition.
We therefore report the identification of a novel HPV type, which has ,70 % similarity of the L1 gene to any known PV type and was present in a rectal-swab suspension at a viral load of 10 4 ml 21 . Previous studies have shown that PVs are commonly present on the healthy skin or mucosa of healthy humans, presumably as a commensal agent (Antonsson et al., 2000 (Antonsson et al., , 2003 Weissenborn et al., 2009 ). The characterization of HPV116 enlarges our knowledge of the diversity of c-PVs. The medical significance of this virus will require further study.
